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ft 31. A host cell according to 30, wherein the cell is a mammalian or 

a | J insect cell. 

yi 32. A host cell according to da\rn 31 . Wterein the ce!! is s Chinese hamster 

- — 7<^f ovary (CHO) cell, human embryonic kidney (^1^293 cell or an insect Sf9 cell. 



33, A host cell accordin g to claim 30, wherein trh^cell expresses the NPY-Y7 
receptor onto the cell's surface. 



Lastly, please cancel claims 15-25 with Applicant reserving the right to file 
divisional applications thereon. 

REMARKS 

By this amendment, claims 1, 2, 8, 9, 11-14 and 15-25 are canceled, claims 
3-7, and 10 are amended, and new claims 26-33 are added to place this 
application in condition for allowance. Currently claims 3-7, 10, and 26-33 are 
pending before the Examiner for consideration on their merits. 

In summary, Applicant is now claiming: 

1 ) an isolated polynucleotide as defined by claims 3 and 4; 

2) an Isolated polynucleotide as defined by claims 5 and 6; 

3) an isolated polynucleotide as defined in claim 7; 

4) a plasmid or expression vector Including the polynucleotide of claim 3 
(claim 10); 

5) a host cell transformed with the polynucleotide of claim 3 (claim 26), and 
additional limitations to this host celt as found In dependent claims 27-29; and 

6) a host cell transformed with the plasmid or expression vector Including 
the polynucleotide of claim 3 and additional limitations to this host cell as found in 
dependent claims 31-33. 

Applicant wishes to clarify that claim 11 which described a host cell 
transformed with either the polynucleotide of claim 3 or the plasmid or expression 
vector of claim 10 has been rewritten into new claims 26 and 30. The further 
limitations on the host cell as recited in claims 12-14 are rewritten as claims 26-29 
for the polynucleotide and rewritten as claims 31-33 for the plasmid or expression 
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vector. Rewriting these claims in this fashion does not deviate from the subject 
matter previously b fore the Examiner as found in claims 11-14. 

i ygj^^uun ui iuci VJOV,/ >u | - U II If IV 

Addressing the utility rejection, six members of the NPY receptor family had 
been identified, characterized before the priority date of the present application and 
shown to influence a number of physiological parameters such as central endocrine 
secretion, anxiety and appetite (see, e.g., page 1 lines 12 to 31 of the specification) 
and to couple to the adenylate cyclase second messenger system. 

Given the characterization of the other members of the NPY receptor family 
already achieved by the priority date of the present application, the identification of a 
novel family member would present the person skilled in the art with immediate and 
obvious utility. It is not necessary for the applicant to have established the precise 
function of the NPY-Y7 receptor disclosed in the present application to fulfill the utility 
requirement. 

Nonetheless, the applicant has, in the present application, conducted 
Northern blotting studies to show that the NPY-Y7 receptor polypeptide disclosed in 
the present application is expressed in amygdala, the CA3 region of the 
hippocampus and piriform cortex, consistent with a neural receptor (see, e.g., page 6 
lines 4 to 10 of the specification). The conclusion drawn at page 6 lines 9 to 1 1 of 
the specification is that the receptor is involved in the regulation of Circadian 
rhythms, anxiety and metabolic status. 

Applicant has also carried out ligand binding studies and shown that the NPY- 
Y7 receptor of the present invention shows high affinity for the human peptide YY 
(PYY) (see page 6 lines 12 to 20). The conclusion drawn is that NPY-Y7 receptor is 
pharmacologically most like the NPY-Y2 receptor. In addition, confirmation that the 
NPY-Y7 receptor of the present invention is targeted to the cell membrane where it 
binds PYY was obtained using PYY binding studies comparing cell membrane 
preparations from control cells with cell membranes from cells that express 
recombinant NPY-Y7 of the present invention (page 7 lines 9 to 30) 

Human peptide YY had been shown before the priority date of the present 
application to be involved in the regulation of Circadian rhythms. In support of this, 
applicant submits a copy of Gribkoff et al, 1998, J* Neuroscience, vol. 18(8), 
pp3014-3022 (see, especially, the abstract, page 3018, the second paragraph, and 
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Figure 7). As discussed above, the specification implicates specifically the NPY-Y7 
receptor in the regulation of Circadian rhythms. 

The data xemplified in the present specification represent a significant 
biochemical characterization. Furthermore, the finding thai NPY-Y7 binds PYY with 
high affinity is significant because PYY itself has been extensively characterized in 
the prior art. See the attached three website printouts of abstracts related to PYY. 
Consequently, since PYY has been extensively characterized in the prior art and 
NPY-Y7 binds PYY with high affinity, a substantial and credible utility for NPY-Y7 is 
established by these experimental data. 

Thus, Applicant respectfully disagrees with the Examiner's assessment that 
the only asserted utilities are non-specific and "solely based on the fact that NPY-Y7 
is a member of the NPY family of receptors". The specification asserts on the basis 
of the actual experimental result presented therein in relation to the neural 
distribution of mRNA expression and pharmacological characteristics, that the 
receptor is involved in the regulation of specific physiological parameters, namely the 
circadian rhythm, anxiety and metabolic status. 

Accordingly, whilst the specification does, as noted by the Examiner, assert 
that the NPY-Y7 receptors of the invention would be useful both clinically and 
commercially, for example in identifying agonists and antagonists of the receptor 
(see, e.g., page 1 line 32 to page 2 line 2; page 3 lines 10 to 13 of the specification) 
due to the known role of NPY receptors in a number of physiological processes, this 
general assertion should be read In the light of the more specific utilities that are 
provided therein. 

Thus* in summary, a substantial and specific utility is asserted In the 
specification, and the rejection under 101 is unsubstantiated and should be 
withdrawn. 

In terms of whether the asserted utility is credible, with respect, where utility is 
asserted in a specification, the test is whether the person of ordinary skill in the art 
would consider that the assertion was credible (MPEP 8 th Ed. 2107 ll .(B)(1 )(ii)). 

Applicant submits that the assessment made and conclusions drawn in the 
present specification from the available data and prior knowledge of the biological 
characteristics of the NPY family would be considered reasonable and realistic by a 
person of ordinary skill in the art. No substantial evid nee has been provided by the 
Examiner to conclude otherwise. 
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Applicant further submits that specification discloses a specific asserted utility, 
which would be considered by a skilled person to be credible given the knowledge in 
the art in relation to the NPY family of proteins and their llgands and the specific 
molecular characterization provided in the specification. 

Applicant submits that the initial burden resides with the Office to establish a 
prima facie case for a finding of lack of utility and provide sufficient evidentiary basis 
for that finding. Applicant respectfully submits that the Examiner has not done so. In 
re Gaubert, 524 F.2d 1222, 1224, 187 USPQ 664, 666 (CCPA 1975) - "the PTO 
must do more than merely question operability - it must set forth factual reasons that 
would lead one skilled in the art to question the objection truth of the statement of 
operability". The Patent Office must establish that it is more likely than not that a 
person skilled in the art would not consider credible any specific and substantial 
utility asserted by the applicant for the claimed invention (MPEP 8 th Ed. 2107 lll.(A)). 

It Is also noted that the Examiner refers to Example 4 of the USPTO utility 
guidelines. However, Example 4 refers to a situation where there is no disclosed 
utility and no description of the chemical, physical, or biological properties for the 
protein other than the sequence. We respectfully submit that Example 4 of the utility 
guidelines is not similar to the present circumstance because the instant application 
has provided a substantial characterization of the NPY-Y7 receptor protein of the 
present invention and asserted a utility in the specification based on that 
characterization. 

Again, a substantial, specific and credible utility has been asserted in the 
specification based on actual experimental data and sound scientific reasoning. The 
Examiner is respectfully requested to withdraw the allegation under 35 USC 101 in 
view of the foregoing Remarks. 

Rejection under 35 USC 112, first and second paragraphs 

Applicant asserts that the comments above with respect to utility are equally 
applicable to the rejections under 35 U.S.C. § 1 1 2, first and second paragraph, and " 
form a basis to have these rejections withdrawn. 

More particularly, since the specification does meet the requirements of 35 
USC 101 , one skilled in the art would know how to use the rejection. Therefore, the 
rejection based on a lack of support that begins on the bottom of page 5 of the Office 
Action should be withdrawn. 
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Applicant also wishes to bring to the Examiner's attention that claim 3 is now 
limited to a length of 408 amino acids. Claim 5 defines the length as 405 amino 
acids. "About M has been deleted from ach of these claims, and the rej ction of 
claims 3 and 5 based on written description is effectively overcome. 

The objectionable language found in claim 7 has been deleted and claim 7 
now recites specific nucleotide sequences. 

The cancellation of claims 8 and 9 moots the rejection of these claims. 

Based on the amendments to the claims, and the arguments regarding utility 
above, the claims 3-7, 10, and 26-33 meet the statutory requirements of 35 U.S.C. 
§ 112, first and second paragraphs. 

Lastly, since claims 3 and 5 meet the statutory requirements of 35 U.S.C. 
§ 101 and 35 U.S.C. § 112, first and second paragraphs, Applicant respectfully 
submit that the restriction requirement related to the species of claim 4 and 6 
should be withdrawn, and these claims should be passed onto issuance with 
claims 3 and 5 

Applicant also acknowledges that no prior art was cited against the claims. 
Summary 

Based on the above, claims 3-7, 10, and 26-33 are now in condition for 
allowance. All statutory requirements under 35 U.S.C. § 112, first and second 
paragraphs, and 35 U.S.C. § 101 are met 

Accordingly, the Examiner is respectfully requested to examine this 
application in light of this amendment and pass claims 3-7, 10, and 26-33 onto 
issuance. 

If the Examiner believes that an interview would expedite the prosecution of 
this application, the Examiner Is requested to telephone the undersigned at 202- 
835-1753. 

As noted above, a petition for a three month extension of time is hereby 
- made. Please change the petition fee of $920.00 to Deposit Account No, 50-1088. 
Please charge any fee deficiency or credit any overpayment to Deposit Account 
No. 50-1088, Including extension of time fees. 
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Again, reconsideration and allowance of this application is respectfully 



1750 K Street, NW, Suite 600 
Washington, DC 20006 
Telephone: 202-835-1753 
Facsimile: 202-836-1 755 
Docket No.: 12020-0002 
Date: December 19, 2002 



solicited. 
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MARKED UP CLAIMS UNDER 37 CFR 1.121 

3. (once amended) An isolated polynucleotide molecule [according to claim 1 , 
wherein the polynucleotide molecule] encodfesling an NPY-Y7 receptor of human 
origin of [about] 408 amino acids in length. 

4. (once amended) An isolated polynucleotide molecule according to claim 3, 
wherein the polynucleotide molecule encodes a human NPY-Y7 receptor having an 
umlnu add sequ ence [substantia ll y] cor t espundiny to that s hown as SEQ- iO" NO: 2. 

5. (once amended) An isolated polynucleotide molecule [according to claim 1 , 
wherein the polynucleotide molecule] encod[es]injg an NPY-Y7 receptor of murine 
origin of [about] 405 amino acids in length. 

6. (once amended) An isolated polynucleotide molecule according to claim 5, 
wherein the polynucleotide molecule encodes a murine NPY-Y7 receptor having an 
amino acid sequence [substantially] corresponding to that shown as SEQ ID NO: 3. 

7. (twice amended) An isolated polynucleotide molecule encoding an NPY-Y7 
receptor, wherein the polynucleotide molecule comprises a nucleotide sequence 
[showing at least 90% homology to that shown at nucleotides 1 to 1903 or 
nucleotides 369 to 1592 of SEQ ID NO: 4] selected from the oroup consisting of: 

(\) the sequence set forth in SEQ ID NO: 4: 

(ji) _ a sequence consisting of nucleotides-369 to 1592 of_S.EQ_l.D_NO: 4; and 
a sequence that encodes the amino acid sequence set forth In SEQ ID 
NO: 2. 

10. (once amended) A plasmid or expression vector including a polynucleotide 
molecule according to claim 3 [1]. 
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Phsse Shifting cf Clreadisn Rhythms and Depression of Neuronal 
Activity In the Rat Suprachiasrnatic Nucleus by Neuropeptide Y: 
Mediation by Different Receptor Subtypes 

Valentin K. GribkofV Riok L. Piesohl,' Todd A. WlsisriowsW, 1 Anthony N. van den Pol,* and Frank D. Yocca 1 

weurasdence Drug Discovery. Bristol-Myers Squibb Pharmaceutical Research Institute. Wafflngford, Connecticut 064S2, 
and ^Section of Neurosurgery. V&te University School of Medicine, New Haven, Connecticut 06520 



Neuropeptide Y (NPY) has been Implicated In the phase shifting 
of circadian rhythms in the hypothalamic suprochiBamfttic nu- 
cleus (SCN). Using long-temi, multiple-neuron recordings, we 
examined the dlnset efFecta end phaaa-ah'rfting properties of 
NPY application In rat SCN slices /n vitro (n «• 453). Application 
of NPY an d peptide YY to SCN alrces at clrcadian time (CT) 
7 5-8,5 produced ooneftmration-depandent, reversible inhibi- 
tion of cell firing and a subsequent significant pha^e advance, 
Several lines of evidence Indicated that these two effects of 
NPY were mediated by different receptors. NPY»induced inhi- 
bition an<j phase shifting had different eoncentratten-response 
retatlonahlpa and vgry different phase-response relationships. 
NPY-lnducad phase advances, but not inhibition, were blocked 
by the GABA A antagonist bicuculline, suggesting that NPY- 
medtot^d modulation of CSaBa may bo an underlying mwha- 
ntem whereby NPY phase shrfts the clrcadian clock. Application 



The supruchiaaTnoLic nuclei (SCNs) of the mammalian hypothal- 
amus have beet* Implicated m the control of behavioral and 
homeoatotic circadian rhythms (Rus»k and Zucker, 1979; Mcrjcr 
and RJetveld, 19B9; van den Pol and Dudek, 1993). The nuclei 
receive varied input, including a projection from the retina 
(Moore and Usnn, 1972; Sawakl, 1979; Shibata el aU, 1984). 5CN 
neurons discharge W j| n a circadian partem, maintained In SCN 
neurons even la primary culture (Welsh et al., 1995: Lhi et al„ 
1997b). In slices the phase of the rhythm Is maintained after slice 
preparation; the peak firing rate is observed near clrcadian time 
(CT) 6* or the light of ^ 12 hr light/dark cycle in the rat (rjxeen and 
Gillette, 1982; Gillette. 1991; Bou$tkfla end Dudek, 1993), (Cir- 
cadian time is a 24 hr scale used to relate cjupcrimcntal measure, 
mentc to the imposed 12 hr light/dark schedule, with CT 0 
representing lights on and the start of the subjective day.) The 
Greatest influence on the rhythm i« the light/dark cycle, but it can 
be influenced by Muiotran$rniUere and neuromodulator* includ- 
ing, GABA (van den Pot and Tsujimolo, 1985; Tominaga ct d l„ 
1994), glutamate (Meijer et al., 1983; Ding ct aL, 1994 ), melatonin 
(McArthur et ah, 1991; Liu et al.. 1997a), and serotonin (Med^nic 
and Gitlerre, 1992; Prosscr ct nL t 1992, 1993). 

RcccH^d 5cpt 29, JvV7> rained Jan. 20. 195)* artopiwJ J«u 22, 190H. 

Tltfs writ mi tuppurtcd bjr National Inniruca of Heal eft Qramc NS$*«H7 and 
£310174, uws Nation*! Sdcrtcc PtountfBlton. And Cfco Afr Force Olftcu of SdcaOfle 
R^swKb. Wo ih*nk Dr. Miry & K* i hu\vn tm hw ranuncatfi on an cm Uor 
of inlii mniUMcrlpc. 

Corrtapandano* should bo *Mre«tctJ to Dr. Vateiuin K. Qtihkx>a, Eiocwoplrai- 
ology. Department am, Ncoto^iwc* Drug Diwovoty. BiUtoUMvcxjr SauibbRwr- 
nraccuilcal R^oarcn iDltituKx $ Research i^rlcwny, Walllngrofd. CT 
Copyright O \WH SocJcly for Hwwrdcncc 0270-6i74/l>«/l!f3D14-O95O5,QQ/0 



Of the Y2 receptor agonists NPY 13-36 and (Cya^S- 
aminoootenoio QokJ^.D-Cye^HMPY advanced the peak of 
trie cifcfldlan rtiythm but did not Inhfbft cell firing. The Y1 and Y5 
agonist p_eu*\Pro**]-NPY evoked a substantia! Inhibition of 
discharge but did not generate a phase shift. NPY-lnduced 
mhlbWon not ©looked by the »pw?itio Y1 antagonist BIBP- 
3226; the antagonist also had no effect on tna timing of the 
poak of tho clrcadian rhythm. Application of the Y6 agonist 
[c^Trp^J-NPY produced only direct nauronaj inhibition. These 
are the first data to Indicate that at least two functional popu- 
lations of NPY receptors exist In the SCN. dlstlngufsnaDi on 
the basis of pharmacology, each mediating a different physio- 
logical response to NPY application. 

Key wonts: ctruadfan mythm; &upr&chl&smAtki nucJ6u&; neu- 
ropeptide Y; multiple-unit recordings; phase shifting; receptor 



Meuropepiide Y (Nt*Y) T a widely distributed neuropeptide 
(Alien et al., 19S3), is present in the SCN (PcIIcdcr, 1990; 
Botcbkina and Morin, 1995), the result of a projection from the 
jure rgenieu Late leaflet of the thalamus (Moor* mi nl., 198 4; 
Harrington et al. t J985). NPY can produce a phase advance in the 
circadiftn rhythm of Lh* SCN (M*daaic and Oilleno, 1993; 
5Wb3t3 and Moore, 1993; Oolombek et al., 199(5) and can shift 
behavioral rhythnw (Bleflo et al t 1994; Huh ma q and Albers, 
1994; Huhmnn et al . 1996), an effect blocked by the GABA A 
antagonist blcuculllne (Huhman et al. t 1995). NPY also excites or 
Inhibits SCN cans (Ma*on et al., Sl^flbato anC Moore, 1985? 
Liou and Albers, 1991; Schmahl and Bohmcr, 1997). 

At least two NPY receptor subtypes are found in i&e SCN, Yl 
and Y2 receptors (Chen and von den PoU 1996; Golombck et aU 
1996). A mammalian Y5 receptor has recently been cloned And Is 
also found in the hypothalamus (Gerald ct al., 1996). In develop- 
ing SCN, both Yl and Y2 receptor-mediated inhibition of cal- 
cium fluxes produced by activation ot bicuculUftc*9caaitiv£ 
GABA^ receptor* cna be detected (Obriet?n and van den Pol, 
1996). and multiple NPY reccpiors may mediate inhibition of 
neurotransmitter release (Chen and van den Pol, 1996: van den 
Pol et aL, 1996). Y2 receptor agonists also produce shifts in 
circadian rhythm* in the SCN and produce shifts In behavioral 
rhythms (Golombck ct al, 1996; Huhman et aL, 1996), Less Is 
known, however, about the direct effects of NPY on cell dis- 
charge in the nucleus or the receptors that mediate these effects 
and whether direct effect* of NPY on cell firing underlie modu- 
lating, of phase timing. 

We used « continuous; recording method (Bouskila ana Dudck. 
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Figure J. Multiple-unit recording from the tar SCN b* rtrro. 
In this Mt&mplc the slice was prepared at approximately CT 
5.5 on day Ij recording commenced nezt CT 11.5 on day 1 
end continued for neejfy three full rareachim cycles, ending 
near CT 12 on day 4> Although the absolute pcaJc discharge 
i 3 rare/ declined each day, the rime* at which the discharge 



Orcadian Time (Mrs) 

1993.; Tchcng and Gillette. 1996) to record action potentials 
in SCN slices In vitro to study effects of pharmacological manip- 
ulation of NPY receptors oa SCN function. We used NPY and 
a aeries of NPY agonf ai* with differing affinities for VI, Y2, and 
Y5 receptors (Oerald et a|., 1996), the Yl antagonist (fl)-N=- 
(olphenylaeety!) -yv - {(4 - hydrt>xy^eayl)mc%i] - erguunamide 
(BIBP-3226) (Doodi et aI. F 1995), and the GABA* receptor 
antagonist bicucullinc to examine their ability to affect firing rates 
of SCN neuron populations and after the clrcadlan discharge 
rhythm observed after drug application. 

MATERIALS AND METHODS 

SCAT *Ug€ prtpQrwtorh Male Long-EvanS hooded rats (Harlan SpragUC 
Oawlcy, Indlftnnpolla. IN) were housed in a colony room wrfth an ambient 
12 he Ughc/dark cycle (tiphu on at im AM., lights off at 7:00 P.M.) for 
a minimum 0/ 3 week* before axperfmenntrioa to emute that their 
clrcadian system* ware entrained to this light/dark cycle. The rant wore 
housed in uainifisa steel wire c-ges. five animals per cage, with rood and 
water available ad libitum* After this adaptation period, the rad were 
killed by decapitation between 9:00 and lltfo A.M. (CTs 2.0 and 4.5), 
with one exception chat was prepared at CT 3 J (sec Fig. 1), and their 
brains weic rapidly directed from their skulls, A block of tissue con. 
mining the hypothalamus wai diotectcd frotP the brain under visual 
inspection and transferred to a manual rlAsuo chopper where eoranaf 
hypothalamic brain rices (500 In thickness) containing the SCN were 
prepared. Slices were placed in a Katw-type brain slica chamber (Hnaa er 
■I., 1*79) (Medical syiceau Corp.) and coarimiatly auparfused with 
medium containing (in mM): NaCI lla.3, KCI SA t Na»-LPO* 1-0. 
NaHCOj 26.2 ( CaClj 1.8. MgSO, 0J, and dextrose 24.6 and 5 m<i/l 
lfent»m X dn wlfatc, warmed 10 37"C, pH 7.5. SCN neuron* in these brain 
slices remained viable fbr >ii hr under these conditions (Med ante and 
Gillette, 1992), although most cxperimanw were terminated at the and of 
the second day after slice preparation. 

To record multiple-unit SCN electrical activity, a 76-jini»diametcr P 
Teflon-coated platinum Mridium wire electrode (wire diameter, 52 ^m) 
w« lowered into the brain nilce fn the region of the SCN using smblo 
MM33 mechanical rakroni*nfpula W s (Stocking. Iec.) (BouSkita and 
Dudek. 1993) mounted on an *ir flotation table to eliminate any room 
vibration*. Physical smbMry of boih the slice and the recording electrode 
was of paramo urn importance w obtain reliable recording* The electri- 
cal activity was amplified, and tho number of olcerrtcnl events wm 
counted wim a window dkerimfaafor (Fintrontcx, Inc. or Cambridge 
Electronic Design), Data were collected And analysed rnr compiler us ins 
BrmnWave (Data Wave Technologies) or Splke2 (Cambridge Elecrronic 
Dejign) loftwnrc. The average number Of electrical events in Successive 
10 mln Intervals w 05 determined and plotted against the Orcadian time cf 
recordiog. ft wa* Cuund chat portions of the resulting diacharsc rhythms, 
whivh generally corresponded to the upper porrtanji of t&c phase durfng 
the xuhjcctfvc cj nyi wore dcsc tit with a cosine function ot me form> b 
t 1^ (tf/E + « A )cos(«yf + £/ h ) p wUetay ia the average multiple-unit 
□ring rate in a 10 nun period, in hertz, x is the drcadlen time of 
recording, and ece coeuzcients determined by the Levenber£~ 

Mar qtiardr nonUmsar eurve fit a) 5 oHthm (KaleldoOrapb, Synergy Soft- 
w^rc). Curve Ctting altowdd for smoothing of the inherently variable 
raco from individual slices to mere accurately estimate the peak or 
coll discharge during the subjective day. The pci&k of this cosine curve 



rare* were maximal were very similar* values ptven arc 
c^dmeved peak vnaximunui; p«4v«S were fit and maximums 
wcte c^draeied as described in Materials and Method*. 

was used as a marker of (he phase of the rhythm and was used to 
determine whether the SCN electrical activity rbvthm was phase-shifted 
with drug creaoncRC. An example of chid Giirve-bvring paradigm applied 
to gioup data i» pen en tod (see Figure 3). Curve fining could not be 
adequately performed on a Email percentage of slices because of record- 
hag irrcgulnrirics occurring during aom» portion of t&t peak on day 2. in - 
these cases, ff all other viablUry criteria were met (it* below), data 
concerning direct effects of drug applications In these slices were in- 
cluded in analyses, although data eaneerning timing of peaks waj nor. 
Conversely, carry in cho jrcudy a amall number of uxpdrirnentA war* 
performed in joOSt groups in which the initial period corresponding co 
the period of direct drug application was not recorded, although the 
presence or absence of drug effect was aoied- In chase cases only the 
effects on peafc riffling wero qunndoed and presented in nhe rstiulu. 

Viabifity of the slices was considered the most Important single factor 
in reducing variability of control values for day 2 electrical activity peaks, 
and slices were excluded if their viability was compromised at any point 
on this second day (a falsely advanced peak could result from a pro- 
nounced decrease in slice viability during day 2). Data were accepted 
from particular slices if (1) the peak activity rates op day 2 were within 
30% of the maximal values attained on day 1 (tho day ef slice prepare- 
tfon), and (Z) activity persisted in the subjective aiahr between days 2 and 
3 such Char the lowest levels of acttWry were *c Icmc 50% of the low values 
recorded during the subjective night between days 1 and 2, Viability on 
day 2 was assured if a third peak was observed On day 5; although nor alt 
experiments were continued ro 3 point at which the activity peak oa d ay 
3 could be determined, most were carried beyond CT 24 (into day 3), and 
the beginning of a third penk could be observed* Slices were aJ*o 
excluded if an experimental Interruption occurred (»uth a* a disruption 
in medium superfusion) that could aflCCT or obscure recordings made 
during any crittcaJ period or otherwise affect the Cubsequenc shape and 
timing of the electrical activity rhythm. Aa a result of the application of 
these exclusion criteria. -7596 of fflicw prepared were used in there 
experimental analyse*. Oata are presented fn moat ca*e* foe both inhi- 
bition and phase shifting aa percent change from vehicle or an absolute 
time shift relative to vehicle, where Appropriate, separate vehicle groupt 
were used for each arm of an experiment. Stauadcal annlyaea consisted 
primarily of aNQVas; if a significant main affect was detected, pre~ 
planned patr hoe comparison* were performed [FLahcr'o lca4t Atgnificent 
difference (LSD)], generally to determine which experimental groupr. 
signtScnndy diOeced from vehicle. Statistical treatments are pres entcd in 
the figure caption* for clurlry. 



Piprt&S and&ugiL NPY (human), (o-Trp J5 )-aeuropepudc Y (D-Trp- 
KPY; human, rar) peptide YY (PYY; hu«ia»), and <Cys-,S- 
aminooecanoic acid ^juCys 37 - neuropeptide Y (C2-N!PY; human) woio 
purchased from Bnchcm (Torrencc. CA) and/or Penincula Laborarorics 
(Belmonr. CA). [Leu JI ,?ro ^.neuropeptide Y (Lou-Pro-NPY. human), 
neuiopoptido Y fmgment 13-^n (NPY 13-36; poroin*), and blcuculUne 
(DIC) were purchased from Sigma (St, Louis. MO). BT BP 3 22 A 
synthedred In-housve, nnd |m Htt)n\ty for YL receptors was independently 
confirmed (purity, >9$9&; JT, fi>r Yl. *W Arvi; Y2, Y4 r and Y5» >10fJf1 nM, 
full antagonist in CHO cell* expressing human Yl clonal receptors In an 
NPY-mediated cAMP stimulation assays apparent /C B , 4.9 nM) (L Antal, 
personM communreotion), All ocpddcM were solubllfrcd |n deionited 
water and then diluted with artificial C3F (ACSF) to obtain the desired 
concentration. Vehicle wa* 0.4% delonlzed wnwr In ACSF. All peptide* 
were applied from 2&Q to 3;30 P,M- (CT 7.5-B.3) wept in phasc- 
L'eeponee experiments. In experiment* involving cOftdmtni.ttradon of 
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Flffit* 1 ExumplKtt of rhythms gCndfaMd by 30 hr multiunit neordinn 
torn control {A) and vehicle- or NPY-twatod (if) SCN sHce*. Tho exam 
pie* of raw unit rccortttn-* .« ^ domOostruto the change in discharge 
rt6qucn«?y between fa rhythm maximum (CTd) and minimum (CT18)- 
<tostt9d Unc* arc the window dtecrimuipior fcveb. CaUbranoii b&d, 1 sec and 
3-2" it - ^^ n .**«*w^'«*" the peni; ming rate on fa wcond 
day js near CT 6, w l( h fa precedes Ig^t arlng level obCJuncd near CT 
TO. if. In Other SCN slices, vehicle (top tr at*; ace Mnteriafc and Medio*** for 
rohidc description) or NPY (1.0 mm) wa* applied between CT 7.5 and 8.5 
i .SJS" in dmln * of thc rhythm In the vehicle rfce. 

AppiK»rten or NPY, bur not vchicta. tc*ulicd in significant dirta mhibiiioft 
i i acpn « * significant dip in iho firing race, which recovered 

jlowiy ftftti * w»h into control medium. After the ISfPY eppJfcarton, fa 
Uiwcst dring rate observed near CT |j t nnd the peak dlSChArgc nuc on 
day 2 w M observed between CT 1 *nd 3. /V" ««o" 6orr tt rhc bottom 
in S reprCAcnc fa tighr/dark cycle under which the animal* wece malm 
mwed before sUcc preparation and apply to the trace depicted in 



150t 



1 uMWY(rwM) 
cr7**crtt 



VEHCTS-M 




Orcadian Time (Hrs) 

i*ifw A Group data depicting the etfAci* of vjhWo and NPY on SCN 
slices. Croups included slices exposed to 1,0 NFY or vehicle and 
recorded during thc duration of Che experiment, including NPY admin- 
CsttoAan; a group of &Keet oxpaied to 1.0 )AM NFY to axunine phepc 
shifting only and not included in tho grouping for this figure was doc 
recorded during too NPY adminlstmcfon, Values are moan = S£M r Tho 
numerical Valuta give a. are £oc (he group minim umS (aubjecrfvo night) and 
maximum* (jwibjeerive day) for each group, as darivtd from cosine func- 
tion &» Of the indicated area* of each curve (fitted areas Indicated as 
if nrkvr lines). Line fitting was for dat* smoothing near fbc maximum* and 

. rnlnimujTia nnly for ^Ktimarrmi nf uaf..** ^„ Arr^^^r ^ 

fit entire curve*. Although we have not c oroide rod this further ia this 

study, note that the mean minimal value is also phase-advanced by NPY, 
and fa mean normalized Bctrviry value* are depressed during the sub- 
jective nighr, relative to vahlde concrete, wiggestlng very long-lasrtng 
effeeb of NPY treatment. 



putative antagonism snd agonists, rbc antagonist was admini^crcd atone 
for 03-1 hr before the antagonist and agonfer ^olurlpn, «U pending on the 
antagonisL (see RcouJcj). 

RESULTS 

Using the rauluu&it electrode technique, we were able to contin- 
uously record cellular ictivity slmult«ncx>u$ly from as many m 15 
SCN alioca for >2 d with an overall yuc^cw rate of —75%. Thesi: 
results laclude data from 453 SCN slices from an identical num- 
ber of rats. The reaj&Jnder of slices, not included in this tolly, did 
not exhibit a normal cirendiao rhythm on the second day (as 
defined above). In untreated control slices, Orcadian rhythms In 
discharge rata wore similar to (hone reported curlier with this and 
other technique*. Thc peak of thc firing rate in a group of 
untreated control slice* occurred at arcadian time ± o j { n = 
20* peaks recorded on day Z); peak firing rates on days x end 2 
ware typically two to six time* the discharge rate at thc tow point 
of the rhythm. Representative example* of recordings obtained 
from control slices arc presented in Figures 1 and 2A } including 
examples of muitlunk discharge records in Figure 2A. Multiuuit 
records reflected the activity of many cells, and thc window 
discriminator levels wcie set* in all cases, significantly above the 
visible noise level, determined before advancing the electrode 
Into the tissue. Whereas few slices *veje maintained for the —84 
hr depicted In Figure 1, thzr example demonstrates thai record- 
ings could be obtained from SCN slices under our experimental 
conditions for at least this long. Electrical activity rhythms re- 
corded from this slice, while declining in amplitude each day, 
maintained peak activity rimes that were very similar from day to 
day. In thc experiment* presented below, experimental com- 
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J - Ptyalologlan uid pharmacological maaaurea indicate that dirocr 
inhibition and phuc shifting may bo mediated by rfufcreat *ib,%tr*te*. /(, 
CQncona»0"on-rc4poD5e relationship* for phase shifting (dilihrd line, open 
t±vkj) and direci inhibition {solid tint, fiftod Oales) produced by KFY 
applfcattoa (10 aM-1.0 ^m) a : CT 7*5-6\3 on ma day of ific» preparation 
VaW DTcmBon 3 SEM The-EC.^ v<Jue» for both muwcd *r* provided 
lft R«glra» The EQn e*rimate» lodit^nc a twofold increase in sensitivity for 
pbasc shifting by NPV. The grotrp sJze ranged bafween A and 22 stees for 
MCh NPY coneBTtfratfon, B. No siftniheant linear eprrebrfop found 
between the shift in the petfe on day 2 and the decree of NPY-induced 
inhibition on day 1 rtsiutMng from oppUcadon of 1.0 mm N7Y. 

pounds we pa applied on the day of slice preparation, and the peak 
times presented refer to the peek on day 2. 

Effects of NPY application: concentration-response 
and lack of correlation between inhibition oncf 
phase advance 

Application of NPY (1 .0 ^lm) u> slices at CT 7^-8 5 on the day 
that slices were cut and placed In the recording chamber, a period 
of high SCN circa di^n sensitivity to NPY (Madank and Ollletie, 
1993), resulted in a direct, significant, and reversible Inhibition 
(>50%) of cell discharge in the SCN and a significant mean shift 
in the activity rhythm peek (advanced 1.74 = 0,23 hr) measured 
on me second day (Figs. 28, 3, 4, 54). This levd of phase shifting 
is the greatest level of alteration In peak timing produced by any 
putative SCN modulator, including melatonin and OABA mod- 
ulators, that we have observed using this technique (our unpub- 
lished observations) and trie remits were very consistent. 

In an initio] attempt to characterise diese effecaj. concentra- 
tion -response relati nships were generated for direct Inhibition 



and phase dulling by NPY (Fig. 4A). Different NPY coneentra. 
bons were applied to different grovps of slice* A modest (two- 
fold) difference was r>hs«rv«fi in rh>~ Pr-.. v*!'jc; generated fcr th^ 
two response measures by logistic fits of the resulting curves. The 
estimated EC*,, for the phase shift produced by NPY w©« 54 ni** 
and the estimated EC^ for the Inhibition or cell firing by NPY 
was 113 am. A similar relationship was observed for maximum 
phase shifting by NPY; maximum phase shifts were obtained with 
NPY concentrations estimated to be feiOO hm, whereat; maxi- 
mum inhibition was produced at approximately the same 
concentrations. 

In a group of slices that were exposed to NPY at CT 7.5-8,5 
(1.0 t*M,n => 11), we examined the possible relationship between 
direct inhibition and the shift in the rhythm peak on day 3, There 
was no significant relationship between the level of inhibition and 
the phase advance observed on the next subjective day (Fig, 4£). 

Effects of NPY application; 
phase-response relationships 

The phase -response relationship for phase shifting by NPY has 
previously beeo determined in rat SCN in virra (Mcdanic and 
Gillette, 1993; Shibata and Moore, 1993). In these previous irud- 
ie* application of NPY at or near CT 6-8 produced maximal 
advances In phase, where a* application at other time points 
resulted in smaller shifts. To determine the correspondence be- 
tween the phase response relationship^) of the phase shifts and 
neuronal inhibition resulting from NPY administration, 1,0 pM 
NPY was applied at four tfme points (Including the group »r CT 
7.5-8.5) to diftereot groups of slices. Whereas a phase -response 
relationship was observed for phase advances produced by NPY 
(Fig> £4), no such relationship for direct NPY-induccd neuronal 
inhibition wa$ observed (Fig. 50)- N P Y applied at CT 7.5-8 _S and 
9.0-10.0 produced ma graatest phase advance, and NPY applied 
at cftls time point also produced robust inJilbltlon. NPY applica- 
tion at two of the time points selected, CT 2.5-3.5 and CT 
1G-5-U.5, produced no significant phase shift (indicating a very 
sharp phase-response relationship), but inhibition produced by 
NPY was similar to chat produced at other times (Fig. 5C,r>). 

Bioucuinne application: effects on NPY phase shifts 
and Inhibition 

To determine whether the underlying mechanism of both NPY- 
Induced phase shifts and direct Inhibition Involved participation 
of Qa&Aa receptor-mediated events, the GaBA^ receptor an* 
togonist'BIC (ID pM) was applied to slices for 1 hr before the 
addition of vehicle or NPY (0.1 or 1,0 pM) at CT 7.5*8.5. BIC at 
thiff concentration produced an insignificant increase in firing 
rates (<5%) relative to untreated control slices, and th< roeon 
peak of the rhythm on day 2 wa* not significantly different from 
that of control in slices exposed only to BIC at 10 km (peak CT. 
6.39 ± 0.49; n = 3). BIC application at ibid concentration signify 
icantly antagonized (>7Q%) inhibition Of SCN neuronal activity 
produced by application of the OABA A receptor agonist musci- 
mol (our unpublished observations). The phase shift produced by 
both concentrations of NPY was significantly reduced by BIC 
(Fig. fi.4). Howaver, the NPY-induced depression of cell dis- 
charge in the SCN wag not significantly affected (Fig. fifi) 

Effects of NPY receptor analogs and NPYfragm nts 

Our initial results strongly suggested that different N py receptors 
mediated the phase advance and neuronal Inhibition produced by 
application of NPY in vitro. To fvrdwr teat thia hypothesis by 
differentiating these responses Pharmacol gically* a series or 
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Figure 3. Effect of nppllirprion time (!a CT) oo che response co NPY <1.0 ^tw).,4 t pltasc-responsc reliuionship for the NFY-induccd phase shtti. 
SLjUtfflcanc ptoc advice* by 1.0 NPY Wow produced by application a* CT 7.5-8.5 ami CT 9,0-10,0 (ANOVa wirfc fishcS* protected LSD. p < 
(WW), wjib. ao *ig*i6cwH shift produced by appJicmdan >t alrhcx CTW-3.5 or CT 103-11AA Lack of a pha*e-re«po«se relaaoiufeip for diceet inhibition 
,f jf 4.** ve ° WFY ,B lho ** mo a, ' ca * U5gd for thc P hase shift experiments in j*. Nate that all of the application* were rotae tt rime points when 
c*U djwhwBQ ww within 3^5 hr gf the peak, and percent inhibition Valuta reflected similar absolute inhibition value*. In this tad ell subsequent bar 
er*pa* me group numbtr* arc indicated in die taxis aisodated wicn each bar c, Traces depfcx the affects of vehicle (&p r^iee) or NFY (i.o ^i, txmom 
fTQoc) edauoiauatioa t» *|fcc» at CT 9*0-100. Note che phase advance end d Jscharpe (nhfblrlon observed in the NPY. treated fitfce.jp, Similar ro C, excepr 
that vehicle (icy w«) or NPY (1.0 |iM, bottom ttuce) Was applied ar CT 2.5-3.5. Now rhar despite stcn?6ciwn ioKibirion. no phase advance id observed 
In ihi> aUcg. Ugfn ocd dc>* fc/rr represcm the U^Mt/dofk cycle before slice preparation 



NPY peptide analogs and NPY peptide fragments reported to 
Interact with different oner known Affinities at NFY receptors was 
□ppliad io SCN slices at CT 7,5-8 All of these compounds were 
applied at 1,0 These Included NPY 13-36 and C2-NPY, 
which nave high affinities for Y2 receptor*; PYY, which has good 
affinity for both Yi and Y2 receptors; end Leu-Pro-NFY, which 
La* relatively higher affinfry for Yl receptors, NFY, PYY, and 
Leu-Pro-NPY *l30 have high affinities for the recently reported 
Y5 receptee whereas NPY 13-36 and C2-NPY have much lower 
affinities ar this receptor. Relative Affinities are taken from values 
published by Gerald et al_ (199n). 

Application of NPY 13-36, C2-NPY, an d PYY p roduced si$- 
nificant phase advaaeea in the peak of discharge rhythms, whereas 
Leu-Pro-NPY produced no wgniflcant shift (Fig. 7A). This Sug- 
gests that the phase advance produced by NPY was likely Mlrib- 
urablc! to Inreractioci with a Y2 receptor, as has been indicated 
Jroni previous atudieSp.whcrcaa interaction with a Yl receptor and 
probably a Y5 receptor did not shift tne rhythms, SigniJieant 
levels of direct inhibition were produced by bo* PYY and Lcu- 
Pre-NPY but not by NPY 15-36 and C2-NFY (Fig. Tff). Thw 
indicated that the direct Inhibition was not produced by Yl 
receptors but wa 9 probably produced by Interaction with Yl or Y5 
receptors or both. 

BiBP.3226: effects on NPY phase shifts and inhibition 

To teci cor the possible involvement of Yl receptors in direct 
inhibition of the SCN by NPY, the potent and specific Yl recep- 



tor antagonist BIBP-3226 (10 mm) was coadministered with NPY 
(BIBP-3226 was present for 30 min before the eoadmlniBtratlon 
of the antagonist and NFY) and compared with the eflccte of 
NPY application in rhe absence of this antagonist- BTBP-3226 
had no detectable effect* of it* own and affected neither the 
degroc of phase advance produced by NPY (Fig. 8L4) nor 
the degree of inhibition observed in response to NPY (Fig. SB) 
The lack of any delectable effect of this high concentration of the 
potent and specific Yl antagonist suggested thai Yl receptors 
were unlikely mediators of the direct inhibitory effects of NPY. 

Effects of Y5 receptor activation 

D-Trp-NFY is a specific Y5 receptor agonist, although it Jp not 
very potent. D-Trp-NPY was applied at i.0 end 5.0 (am to groups 
of slices, and its effects on che peaks of neuronal activity rhythms 
and discharge rates were recorded. Where a* this peptide had little 
effect. on either measure at 1.0 mm. (Fig. 9/l.B). U produced 
significant inhibition or firing at 5.0 mm (Fie- wirh 110 con- 
comitant effect on the phase of the rhythm (Fig. Comparison 
of the time course of the effects of N PY and n-Trp-N P Y, relative 
to vehicle* demonstrate the game long lime course of the resultant 
inhibition (Fig. 9C). 

DISCUSSION 
NPY in the SCN 

Previous studies indicated that NPY had significant effects In vim* 
and in vivQ on the timing of circadian rhythms in cell discharge 
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Figur* 0, me o£ the GABA A receptor an agonist bicucullinc 

oo NPYModucod phase shifting and direct lahlbltlou. W, BIC (10 
mm) significantly attenuate! tha pb^n shift prodded by froth 100 ni*t 
(p&cA fcw) axid LO mm G™(p«* W;) NPY applied at CT 7^-8.5 
(ANOVa. p o 0.00%; Finhcr"s protected LSD, p < 0.01). JB. Direct 
inhibition wan noe dgnttcftfitiy antniiaied by BIC, although ditto wa* 
aomc diminution of the response co 100 nM NPY. 

and behavior (Medanie and Gillette, 1993; SJubeta and Moore, 
1993; DieUo ct ol. 1994; Huhman «nd Albcre, 1994). These 
interactions, and in particular the phase shifts produced by NPY ( 
were probably medic Led by the Yl receptor, as indicated by 
studies with NPY peptidergic agonist* (Colorobek ct al., 1996; 
Huhman et al M 1996). The effects of NPY on cell diocharge. 
however, have not been well character I *<2d- In inltfal studies of the 
direct cffcci* of NPY administration on the firing of single 
neurons in SCN, NPY was reported to excite or to have no effect 
on the majority of cela re sted, with onfr OJUBOTity_jjJL©dls 
inhibited (Mason ct al M 1987: ShibatA find Moore, 1988; Uou and 
Albert 1991). In recent studies with whole-cell recordings of the 
direct eCTecuofNPY on neurons in the $CN, However, NPY was 
found 10 produce significant and prolonged inhibition of synoptic 
activity and calcium level* in SCN neurons to culture and in SCN 
slices, possibly mediated by multiple NPY receptor subtypes 
expressed in cell bodies ond presynaptic terminals (Chen and van 
dsn Pol, 1996; van den Pol et al„ 1996). NPY has olher effects on 
SCN neurons, including the depression of GABA~mcdiated col- 
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Fifure 7. A $ cries of peptidergic NPY analogs and fragment Including 
PYY (interacts with Yl t Y2, and YS NPY receptors), NPY 13-36 (f» 
Y>pcefiwring agonist). [Lo« 3, .Pro 34 l-NPY (* Yl- Mid YS-p*ofccri»8 
agOniAt), and C2-NPY (a Y2*pf*r*rrtAg O^CwUsc), wu applied ro SCN 
*Iiccff at CT 75-9*5 (all fee 1,0 ^m), demeMtrating thit although all oC the 
popridcA were active in ■ItoHng at least one of too dimension* of SCN 
phyAiOlOgy, onry NPY Odd PYY AlgniflCancly ftltCCt^d borf* mtinsvr^ 
Mlnlivo to ati&aa erefifad with veltlcle, Th« Y^pro^rring affofiUts pro- 
duced ^Mgnlficant phue Advance (^4) buf did not sigaiflctmdy lahtbft cell 
Artng during their %pp\ktitU>t$ (J3), Coavw#dy f cbt Yl agvnbt 

?.eu'^ro J4 j-NPY produced filgalflciint inhibition bur no phase abifr. 
hese dam ^ugecsted that Yl or YS receptors or both contributed to the 
inhlbtrlot? oaring by NPY. ANOVAwlth Pisher^ protsoed LSD» "p < 
0,OL 



ciurrt trancienfis in developing SCN neurons, an effect that is 
mimicked by Yl and YZ receptor agoniats (Obrietan and van den 
Pal, 1996). The latter additional data suggested that the effects of 
NPY on these important mediators of circa dien rhy thmicjey. were 
COtPPlcx. with At laaat two major types of acting, phase fihi ftina 
and direct synaptic and/or cellular inhibition. The refiults of the 
present study indicate Lhat in the same populations of SCN 
neurons in which NPY produced significant phase shifts, the 
peptide produced significant and long-lasting inhibition of a ma- 
jority of the sampled neurons. 

NPY potently phase advanced the peak of the circadian rhythm 
or call discharge (maximum mean phase advance, 1.74 ± 0.23 hr 
at 1.0 <*M) and rcvcftibly depressed cell discharge in SCN slices 
when applied at CT 7J-S-5- The resulu ot several of the exper- 
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ftffH/V a. ThS spscice NPY Yl receptor antagonist BIBP-3226 {10 
iW) did not fligmficantiy attenuate either (he phase shift (Ji) produced 
by i.O /am NPY when they *«r© co applied (n = 7) at CT 7.3-3,5 or *h» 
dfrecr Inhibition of Cell discharge (£) recorded in the same slices. 

at dm high conccnrjation (n - 13) did not produce a 
Siamese pbsec shift gr depression Of cell firing when applied alone. 
aKOVa with Fisher's protected LSD. phase shift &nd Inhibition 
pxoduced by NPY and NPY plus BIBP-5iio\ all p < OJ)i. 



iments in this study suggest chat the observable effects of NPY 
appUcniion may be mediated by different receptors. NPY was 
applied at different times on the day of slice preparation- A 
significant phase advance was observed when NPY was applied at 
CT 7.5-8.5 and CT 9.0-10.0 but not when NPY was applied at 
CT 2.«.5 or CT 10.5-11.5 and was consistent with the NPY 
phase -re Rponse curve previously generated by Medonic and 
Gillette (1993) using a different recording technique. This narrow 
phase -response window was in contrast to the effect* or NPY on 
acute depression of cell discharge, which did not demonstrate a 
phase-response relationship at these time points. Whereas a 
mora detailed analysis of the phase -response relationship of 
direct NPY Inhibition was riot performed in this study, the time 
points were sufficiently spread out to define tho phase shift rela- 
tionship described previously, and no phase response was seen. 
We cannot address the issue of whether at unsampled time points 
the direct effects of NPY may be altered; earlier studies suggested 
that there may be a phase -rxwipgnw relationship for direct ccilu- 
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Figure 9. UnLEkc NPY at 1.0 *im, the specific Y5 recap tor agonist 
[n-Trp 3 *I*NFY(i.O and 3.0 >*M, » » 12 and 7, rexpecrivety) did not produce 
a phase shift (A) but at the higher concentration produced significant 
Innlbtdon ofSCN dUcharge,, relative to vehicle (n - 13) (B)> This peptfde, 
although specific for the Y5 receptor, Is much less potent than NPY. 
ANOVA with Fisher's protected LSD, mm p < 0,01. C, Croup data showing 
chc very long rime wiwe gf tho inhibition of eel J firing by both NPY (1,0 
MM, rt = 22) and rtie t3 agonise [p-Trp'^J-NPY (5.0 ^m, n » 7), relative to 
Che vohicJo control gmup (n - 24). Both peptides produced significant 
Inhibition rhu r eco vere d only vary slowly; NPY was more porem* bccauAO 
ch* YS agonist produced only marginal inhibition u uQ jjj* xnd wu more 
effective 4C this COnceartDtion. Tho maxf mum nfflbet of [O-Trp^j-NPY wua 
not determined. 



lor modulation by NPY (Mason at ai., 1987; Shibata and Moore, 
1988; Liou and Atbers, l99l). 

The GABA A receptor antagonist bicucuUine algnj&caady sup- 
pressed NPY-induccd phase advances but did not significantly 
alter acute NPY-mduced inhibition. These data again suggested 
that different receptors were mediating these physiological re- 
sponse measvrea. To more succinctly test this hypothesis, we 
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applied peptide analogs of NPY with preferences for dififeftHH 
NPY reteptora (Gerald et aL, 1996), all applied at CT 73-8 J at 
the same concentration. Only NPY, PYY (which like Nr*Y is 
nondiscriminating), mid Y2-prefcrTlng agoniflu (NPY 13-36 and 
C2-NPY) produced significant phase advances in the SCN drca- 
diun discharge rhythm, whereas Yl- and Y5-prefcrriwg peptides 
([Leu 3 \Pro 34 ]-NPY and [o-Trp^-NPY, respectively) produced 
no s! gain cant phase shifts. The Yl and Y5 agonists, however, 
pioduccd significant direct cell inhibition, whereas the Y2 ago- 
nists did not produce significant Inhibition. The lack of effect of 
the specific noupeptidyl Yl antagonist BIBP-3226 on NPY- 
mediated inhibition, coupled with the specificity of [p-Txp 53 ]- 
NPy for Lhe Y5 receptor (despite translative lack: or potency) and 
the robust isvei of inhibition It produced, suggest that a major 
component of NPY-induced neuronal inhibition iu the SCN may 
be mediated by Y5 receptors. An additional component could be 
mediated by other, currently unknown, receptors. Whereas we 
currently do not know the functional significance of NPY- 
mediated inhibiflon In the SCN, the involvement of a different 
receptor and its robust action indicate that this very likely reflects 
on important component of the actions of this peptide in modu- 
lating the intrinsic rhythmicity of SCN neurons, perhaps by de- 
creasing cellular responsivity to other stimuli. 

Multiunh recordings 

In the present study, multiple-unit recordings were obtained from 
rat SCN slices to determine the effects of NPY application on 
circadian rhythms and acute neuronal activity rates. Whereas 
other studies have used raultmnit recording* re follow SCN neu- 
rons through one ot more cjreadian cycles (Bouskila and Dudefc, 
1993; Tcheng and Gillette, l?96; Liu et a!., 1937b)> this represents 
the first in-depth pharmacological Shidy using this technique. 

Many studies of SCN activity in vitro have been based on 
multiple episodic sio$|e-unii recordings. With this approach, a 
single neuron is recorded for a short interval (eg., 1-5 min), and 
then the experimenter moves the extracellular electrode and 
choosac 9 different cell from which to record. Different cells then 
represent different time points in the course of the recording. 
Continuous multiple-unit recording Offers two substantial advan- 
tages over eingie-unit recording. 

First, the phase shifts observed using multiplc«unit recording 
arc similar to those in parallel experiments with drvg injections in 
viva. For example, direct injection of NPY 3-36, a Y2 receptor 
agonist. Into the SCN area of Syrian hamsters produced a phase 
advance ranging from 19 lo 90 min (Huhman et al, 1996). In 
another study of NPY injections Into the SCN, where phase was 
partly determined by the hamsters behavioral milieu, the ad- 
vances relative to saline controls were —1.5-2^ hr (Biello et al, 
1994). The phase advances reported in rhese in vivo studies were 
very similnr to the phase shifts of 1.5-1.7 hr produced by similar 
compounds that we round in the present in vitro study with 
multiple-unit recording. In contrast, phase shifts reported based 
on the slngle«unit recording method were much greater, with 
nt?*ima| phase advances of -4 hr (Mcdanic and Gillette. 1993; 
Ooiomoek ei al., 1996). In addition blcuculline injections into the 
SCN area of rodents blocked the NP Y-induced phase advances of* 
behavioral rhythms (Huhman cr aL 1995)_ Our similar findings in 
the SCN slice in vitro, based on data from 54 slice*, are in full 
agreement with the previous behavioral study and lend further 
support to the hypothesis that NPY actions may modulate GABA 
activity, as previously suggested In cultures of SCN neurons 
(Chen and van dun Pol, 1996; Obrictan and van den Pol, 1996). In 



contrast, a recent study using episodic single-unit recording was 
unable to detect this interaction of NPY with GABA (Biello et 

nl.. 1997). Thy* *he d»t* remivlrrl inlng the multiple -link :;ch- 
nique appear to more accurately predict the behavioral responses 
of animals after drug injections into the SCN in vivo than do 
single-unit recordings. We have observed a similar relationship 
with melatonin. Melatonin application in vivo produces only small 
advances, parallel to the small phase shifty (<1 hr) detected with 
multiple-unit recording. In contrast, t&porrs baaed on single-unit 
recordings suggest thai melatonin produces large phase shifts 
(Liu et al, 1997a). 

A second advantage of mufrlple-uali recordings is that after 
setup, the experiment is run entirely under computer control, 
allowing the automated long*ierm recordings of a single popula- 
tion of SCN neurons. This eliminates any possibility of uncon- 
scious experimenter bias in the selection of cells Thai is n coostenr 
feature of the single-unit sampling method end that may contrib- 
ute to the reports of greater magnitudes of phase shifts with the 
singlewunit method. 

Conclusion 

In conclusion, using long-term roultiuoit electrode recording 
techniques, we have found that application of the neuropeptide 
NPY produced two di&tlnct actions on neurons of the rat SCN 
In vitro, phase shifting and direct neuronal inhibition. Distinc- 
tions were made between these two physiological results of 
NPY administration in their phase -response and dose -re- 
sponse relationships^ and, more importantly, in their pharma- 
cological profiles. Using pharmacological agents with different 
affinities for Yl, Y2, and Y5 NPY receptor subtypes, our 
results confirm that Y2 receptors mediate phase shifting by 
NPY, and we have determined that Y5 receptors likely con- 
tribute to direct NPY- mediated neuronal inhibition in the 
SCN. Other potentially Important functions of NPY, such as 
the modulation of glucamatergic synaptic transmission from 
the rctinohypothalamic tract, were not studied in these exper- 
iments. Finally, wo have shown that long-term continuous 
multiunit recording of SCN electrical activity In vitro is a 

useful technique for thg SCndy nf thtt nhyKiolnrry nnd Tiharma- 

cology of these important circadian clock nuclei. 
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Effect of peptide YY (PYY) on food-associated conflict. 
Hagan MM, Moss DE. 

Department of Psychology, University of Texas at El Paso 79968-0553, 
USA. 

Peptide YY (PYY) administered centrally in rats induces powerful 
overeating. PYY also occurs endogenously in humans and is elevated in 
abstaining bulimic patients. To examine the effect of PYY in an 
environment that parallels some aspects of bulimia, rats were tested in a 
paradigm associated with approach-avoidance behavior, choosing a 
preferred (sweet) food paired with shock, over regular food safe from 
shock. PYY-treated rats chose to sustain shock to retrieve and consume 
the preferred food, at a significantly greater speed and quantity. The 
number of approaches that were met without retrieval of food due to 
anxiety after PYY treatment indicates that P Y Y increased motivation 
towards feeding, Father than anxiolysis. This effect of PYY in a model of 
conflict associated with food choice resembles aspects of bulimic binges 
eating, which is characterized by the repetitive, rapid intake of food, 
despite anxiety associated with this behavior. 
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Peptide YY (PYY), a potent orexigenic agent 

Morley JE S Levine AS, Grace M, Kneip J, 

Peptide YY (PYY) enhances feeding and drinking more potently than 
does neuropeptide Y after central administration. Chronic administration 
of PYY eveiy 6 h for 48 h causes massive food ingestion. Tolerance to 
this effect of PYY does not appear to develop. This data suggests that 
PYY is one of the most potent orexi genie substances yet to be identified 
PYY may play a role in the pathogenesis of bulimic syndromes. 

PMID: 3840047 fPubMed - indexed for MEDLINE] 
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Nearochemistry of bulimia nervosa* 
Kaye WH, Welkin IE. 

University of Pittsburgh, Western Psychiatric Institute and Clinic. PA 
15213, 

Normal weight bulimia nervosa, a disorder of unknown etiology, is 
characterized by bingcing and purging behavior, disturbances of mood, 
and neuroendocrine abnormalities. Bulimic women have alterations of 
neurotransmitter systems known to contribute to the modulation of 
feeding, mood, and neuroendocrine function. Bulimic patients have 
increased cerebrospinal fluid concentrations of peptide YY (PYY), a 
peptide which is a potent stimulant of feeding in experimental animals. It 
has been suggested that increased brain PYY activity could contribute to 
the powerful tod uncontrollable drive of bulimic patients to binge. It also 
has been reported that bulimics have impaired satiety and secretion of 
cholecystokinin, a peptide known to induce satiety and reduce food 
intake in animals and humans. Most data show that bulimic women have 
alterations of serotonin and norepinephrine activity. In animals, serotonin 
appears to have effects on eating behavior (inhibition) that are opposite 
to the actions of endogenous norepinephrine (activation) at alpha 2 
receptors in the hypothalamus. Bingdng behavior is consistent with an 
overactivity of the hypothalamic alpha-noradrenergic system, an 
underactivity of hypothalamic serotonergic systems, or a combination of 
both defects. In summary, it is possible that bulimic patients have a trait- 
related disturbance of one or more neurotransmitter systems that could 
cause their appetitive dysregulation. Alternatively, these neurotransmitter 
disturbances may be secondary to extremes of dietary intake. 
Nonetheless, such neurotransmitter disturbances may contribute to a high 
recidivism rate. That is, bulimic patients could enter a vicious cycle in 

Which pathologic feeding guanine an^ prrw okttS continue pathnlfigir 

feeding behavior. Moreover, the self-reinforcing effects of bulimia wich 
as decreased anxiety or food craving, may be mediated through behavior- 
induced changes in neurotransmission. 
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